I. C. 6357 Septemser, 1930 


Wise Historon! Lora 
ioe ee AO 


DEPARTMENT OF COMMERCE . 
a Public Document Co 
UNITED STATES BUREAU OF MINES 
Scott TurRNER, DIRECTOR 


INFORMATION CIRCULAR 


METHODS AND COSTS OF TREATMENT AT THE 


CALUMET & HECLA RECLAMATION PLANT 


BY 


C. HarRRY BENEDICT 


I, ©. 6357 
September, 1930. 


DEPARTWENY OF COMMERCE ~ BURRAU OF MINES 


a 


SS ae —— ood 
= 
1 item iceman: Em SEE, —gaemraennes AEN TENCIAEEY feller amor arsenite cmt aE TN TE aos TENTED me 


METHOD AND COSTS OF TREATMENT aT THE 


CALUMET & HECLA RECLAMATION PLany? 
By C. Harry Benedict” 


This paper, describing the leaching practice at the Calumet and Hecla 
mills, Lake Linden, Mich., is one of a series on milling methods and costs being 
published by the United States Bureau of Mines. 


GENERAL DESCRIPTION 


| _ The reclamation plant is located along the shores of Torch Lake at a 
slightly lower level than the concentrator itself. The entire location of the 
original concentrator, jin connection with the present reclamation plant, has been 
ideal, more particularly ae the leaching and flotation departments are common to 
both units. After 15 years of operation and with the reclamation sands just a 
little more than half exhausted it would appear that the remaining life of the 
‘deposit could be worked by the present plan, without decided changes or renewals 
of plant or equinment. | oe 


Torch Lake is cone of a series of inland laxes in the keweenaw 

peninsula of Upper Micnigan, but it is distinguished by being on the same level ag 
Lake Superior, with which it has navigable connection; and it is distinguished 
further by the fact that it is quite deep in comoarison with its area. The mills 
were erected on the shore of this lake with no other idea than the desire to find 
room for the sand tailings, hut considering the develovment of the mine and of 
the art of metallurgy in the 50 years following the foundation of the mills, no 
better site could have been found anywhere. The shore adjacent to the lake is 
relatively flat, so that all buildings are at approximately the same level, but 
the sloping hills running toward the shore permit of ‘the uniform grade to a 
gravity railroad, and a trectie of moderate length gives the necessary elevation 
for gravity run to the ore bins and stamps. ~ The mills were built close to the 
shore of Torch Lake, and for some years there was sufficient elevation so that the 
tailings ran into the lake by gravity, but as the deposit increased in area, 
elevation became necersary. ar | | 
1. The Bureau of Mines will welcome reprinting of this paper, provided the P 
fcllowing footnote acknowledgment is used: “Reprinted from U. S. Bureau o 

Mines Information Circular 6357." ae ere ae | 
2. One of the cohsulting engineers, U. S. Bureau of Mines. 
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Orisinelly two mills were built, one known as the Calumet mill and 
the other as Hecla mill, and there are two distinct tailings piles With their 
centers about three-quarters of a nile épart and with clear water between, the 
two almost inclosinz a bay from which is drarn the water for the oumping 
station. These tailings piles covered. an aroa- of about 152 acres at one tire 
and vary in devth fron nothing at the shore line to 120 feet at extreme depth, 
The reclamation vlants were erected centrally to the north or Calumet pile, 
which at this date is exhausted, The Iecla bani: was all conglomerate up to 
about 1900, but since that date the south or extreme end has been mostly 

gdaloid tailings of much. lower grede and there is a bovndary line betzeen the 
conglomerate and the amysdaloid, where the material, as dredged, is a mixture of 
the twos 3 . 

At the beginning of the mining operations in the late sixties the or: 
was runiing better than 100 pounds to the ton by assay, and the metallurgictl 
methods were naturally crude conrared to prescnt-—de; standards. The ore increas: 
in richness for some years after tne opening of the imines, md tailings losses of 
£0 pounds and more to the tan -ere not ous of the oardinery. In those veers 
the smelters required a very high-grade product, an@ as the fine copper could ntt 
. be concentrated. profitably to snelter ‘reouirements, practically no effort was 
made to save the slimes until about 1994, when buddies or circular slime tables 
were introduced. Neither ras any effort made, except spasmodically, to do any 
grinding other than that. by the original stamp, which ¢rushed all material to 
pass through a 3/16 inch round-openinz screon, This meade for wery rich tailires, 
and it was not until 1898, with the introduction of Wilfloy tables, soon folloz 
by fine srinding in Chilean and later in Hardinge mills, that any serious atta 
Was made to reduce the loasés of fine enclosed or attached copzer. The intro- 
duction of this more modern machinery wes coincident with a ranid falling off hi 
_ the quality of the ore sent to the mill, owin# pvertly to the lesseniig in grede 

of the deposit underground and martly to the fact that lower-grade ore could be 
treated economically, A further decided loss in copper followed the installetio 
of a regrinding plant in 1908 and nade it ap-oar that the tailings subsequent 
that date might not be profitably reworked, although they still contained sbe 
Pounds of copper to the toh. These tailings wore accordingly segregated . on ne 
portion of the Calumet Dile. With the discovery of the leaching process in 1c 
and the adaption of flotation a few years later, it became evident that theze 
epparently worthless tailinzs were of economic value. . 
Zz That these tailinzs had commercial possibilities ‘was recognized | 
great many years before any effort at recovery was begun. Until the develom 
. 9f modern fine-grinding machinery, coincident as it was in the Lake earn ” 

Gistrict with the,introducfion of the low-pressure ‘turbine and consequent Ol 
electric pover, it was not felt that the time was-right for beginning ee 
Then at first the plans were only for finer grinding and Wilfley table a = 
and it was the expectation that. the recovery misht not exceed 40per a rae 
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this was attractive, and work was begun in 1912. The grinding plant was 

not yet in operation, however, before the leaching process was developed, 
wiiith promised to. double the anticipated recovery. Construction work was 
started in 1914 fon the leaching plant, designed totreat sand, and 
experimentation was continued:on the treatment of.slimes by the same process. 
The rapid development of flotation, however, and its adaptation at the Calumet 
& Hecla plant .ta native copper, made it advisable to ‘discontinue work on the 
leaching of slime, and a flotation plant was erected for this material. This 
again increased the recovery, so that about 90 per cent of the values contein- 
ed in these tailing p8les willl probably be obtained by the present methods. 
Inasmuch as the recovery on the ore originally was about 75 per cent, over 

95 per cent of the metal contents of the Calumet & Hecla conglomerate lode as 
mined will be obtained as refined copper, a record probably unique in the 
history of any Copper-mining operation. . 


Although the comercial possibilities of these deposits had been 
recognized long before recovery plants vere erected, their treatment was not 
sufficiently imminent to prevent surface . contamination. All the rubbish of 
the stamp mills and from the adjacent towns was deposited on top of these 
sand banks, and although this rubbish doses not constitute a large prcentage 
of the total weight, it amounts to thousands of tons of every conceivable 
kind and size of material, and any plan for the reworking of the send had to 
take into account a mixture of ashes, hoop iron, wire cable, launder plates, 
and submerged logs. After 14 years of overation, the suction-dredge originally 


chosen has been in commission without at any time having had serious difficulty 
in operation. 


| The pactanatton plant as at present constituted consists of five 
units separately housed as follows? 


l. Dredze 

2. Shore pumping plant and clasdifying housée 
Se Regrinding plant. — 

4. Leaching and distillation plant. 

5e Plotat don plant. , 


Figure 1 shows: a diagram of the units of this plant in connection 
with the other mill buildings. Figure 2 is a flow sheet. 


oe 


¢ 


DREDGE 


It was recognized at once that a suctionJdredze would be the only 
possible me-ns of reclaiming these tailings, because of the depth of the 
deposit and the severity of the climate. It was not feasible todsvelop a... 
dredge by experimentation on a small scale, because from the very nature of 
the problem larze-scale operation alone was possible. No dredge had ever 
been designed to dig 110 feet below the water line. A bucket dredge was 
considered entirely unfit because of the depth ahd also because of the fact 
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that although a bucket dredge might handle rubbish to good advantage, tae sher, 
coarse sand would be very hard upon the innumerable bearings. furthermore, it 
was ‘thought impossible to operete such a dredge in winter time in the Lake Sureriy 
district, with the thermometer frequently reaching 20° Below zero. 


The dredge finally adopted was developed with the aid of the Bucyrs 
Co., of South Milwaukee. It is a- steel-hull. dredgo 56 feet wide and 110 fect 
long, with an overhanging deck 8 foet wido. As originally installed, having ir 
mine the amount of oversize rubbish to be handled, tho dredge was provided with 
two dredging pumpse The first. dischrrged into a 1-1/4 inch revolving screen 
for removing rubdvish,’ the undersize going to a sumo from which a second vm 
elevated the material and discharged it through the pontoon line. 


After considerable trouble with the handling of the oversize rubbis: 
in this way a method was finally devised of using but a single pump for drecsin: 
the sand directly from the lake and discharging it through the pontoon line to 
a stationary screen at the shore plante This eldminatoed ontiroly the rovolvizs 
screen on tho dredze and the second drcdgc pump and resulted in a tromendous 
saving of power and maintcnance. It is surprising what large pioces of tinber, 
rope, and even steel plate can be picked up by the pump and carried through 3,2 
fect of the 20—inch discharge Bipo to the receiving pool on shore without cho-in 


pump or pipe. 


In winter the ice on the lake is always at least 2 feet thick, 20° 
below zero is not uncommon, and usually for two or three weeks the temperature 
is below zero daily. Hovever, these conditions have caused no cessation of work 
in the 14 years of operation, and the dredze hae less difficulty and loss of 
time in midwinter than has the railroad that brinzs ore from the mine to the ill, 
At first to meet winter conditions efforts were made to cut the ice from aoout 
the dredge and haul it away. When the revolving screen was discontinued, Aowever, 
so that the second dredging pump was not required, this purtpwas connected to a 
pipe surrounding the. dredge, and’water under pressure was discharged through 4 
series of nozzles about 10 feet above the deck of the dredge. Tho agitation ° 
from this wator was sufficicnt to kocp the icc from forming frecly and also to 
melt such ice as had beon formed adjacent to the dredge. An officicnt watcr 
pump has since been installed for this purposo, and it is necessary to opereté 
it only for a fev hours daily in extremely cold weather. 


The dredge pump itself had a 20-inch diamotor inlet and outlet, with 
impellers 55 inches in diametcr, opcrating at 360 r.v.m., and is oquippod with 2 
1,250-hp. motor. Tho pump casing is split vcrtically and is lincd throughout. 
s ‘ 
ae ae 
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Various a of material for liners have been used, and eos the best 
absolute results are obtained with manganese steel, chilled cast iron made in 
the local foundry is much the cheapest material per ton dredged. In addition 
to the main dredge pump, and an auxiliary pump for supplying weter to prevent 
ice formation, there is a four-inch centrifugal pump for service water and an 
8-inch centrifugal pump for supplying water at 75 pounds pressure for agitating 
and breaking down Fe send at depth. The dredge suction mouth is supplied with 
nozZles reaching out in all directions along its periphery, and these nozzles 
discharging water under pressure keep the sand in agitation and break down the 
bank in advance of the digging ladder. The pipe for supplying this weter is 
carried on. the digging ledder and connected to its pump through a universal 
joint. This type of agitation has proved satisfactory, and at no time has the 
lack of a rotary cutter been felt. 


When the dredge nets into certain portions of the bank the material 
tends to hold up beyond the natural angle of repose, and consequently caves of 
considerable magnitude occur. Only once has a caveein proved serious, when the 
digging ladder was caught under an avalanche of sand. To release it, it was 
necessary to abandon the regular suction of the dredge and install a new suction, 
using the original dredge pump, overating the temporary suction independently by 
means of tackle from above, lowering it gradually through the accumulated sand, 
end adding more pipe with depth until the ladder was finally reached and freed. 
The 10-day delay because of this accident, and a second shutdown of three weeks 
when the dredge was dry-docked and the hull scraped and painted, have been the 
only interruptions to continuous service during 14 years of Beare aces 


The suction ladder consists of two longitudinal latticed girders 

_ thoroughly fastened and well braced. It is 141 feet from center of suspension 
to the end of- suction, and will pormit of dredging to a depth of 110 feet. It 
carried the outboard suction of lap-welded pipe and also an 8-inch water pips 

_ for supplying water under pressure for breaking down the sand. The center of 
the dredge pump is on the same center line as the pivot of the suction ladder, 
and the suction pipe is connected to the pump by an elbow, swiveled on this same 
centex line. Neer the outer end of the suction ladder the lower block of the 
hoisting tackle is attached, and the upper block is etveches to the bow Sau 
forming part of the hull. 


. The dredge is not self-propelling, but is operated by swinging lines 
fastened to anchors in the water and to deadmen along the shore. There are two 
4~drum winches for operating the lines, two drums of which are for the ledder 
swing, two for the bowline swing, two for the stern-line swing, one for the 
stern line, and one independently operated for hoisting the suction ladder. 
The bow swing lines are 3/4-inch diameter, the ladder and stern lines are 7/8- 
inch, and the ladder hoist rope is 1 inch in diameter; &ll are of plow steel. 
All pumps and winches are electrically driven, but there is a small boiler on 
the dredge to provide steam for heat and also for operating capstens when the 
electric power is cut off. 
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Electricity is supplied to the dredge at 2400 volts, the power lines 
being supported on towers attached to the pontoons carrying the discharge pipe;, 
The main dredging pump motor is 1,250~hp. rating and consumes about 900 lor: 
when working through its maximum discharge pipe of 3,000-foot length. dm 
. additional 200 kilowatts is consumed by the 8&-inch and 4-inch weter pumps, Wate: 

rheostats control the speed of the pump with a variation of about 30 revolution, 
. from the minimm of 335 r.pem - _ 


| Inboard and outboard pipe is of 2l-inch diameter outside and the 
discharge line consists of the same kind of pipe, mostly in 60-foot lengths, 
carried on steel or wood pontoons. The pontoon pipes are connected by means of 
rubber slesves, and although other types of flexible connections have been trict, 
especially ball joints, everything has been abandoned in favor of the rubber 
sleeves. The sleeves are held on by split steel bands which arrangement, in 
connection with the beaded ends of the pipe, gives a simple flexible joint an 
one that does not cause much trouble. Sleeves wear as long as five years. 


The pontoon pipe discharges at a fixed point on the shord into a 
stationary screen 16 by 20 feet, with round openings 1 inch in diameter. This 
discharge is placed so that the sand runs from the screen into & pond or reser- 
voir which supplies the pumps in the shore plant about to be described. Mot mz 
rubbish accumulates on the screen, but it may consist of large pieces, incluiix 
many relics of early days. A chain 6 feet long was once removed from the screcz; 
@lso pleces of cast iron, innumerable rocks, and logs up to 16 inches in 
diameter. 


The dredge has a rated capacity of 10,000 cubic yards per day, mich 
has been realized. No facilities have over been at hand to make a definite tes: 
of its efficiency, and there is so much variation in the size and miture of the 
sand to be pumped, the length of the discharge line, the condition of the in 
peller and pump casings, and depth of suction, that a test would be of little 
value. Iy the winter about 16 hours, including delays, are required to do the 
necessary work, and sometimes during the summer, when the pontoon line is 3,00 
feet long and the sand is finc and scattered, continuous operation is necessly. 


No effort is made to synchronize the operation of the dredge with 
the shore plants, which must run uniformly 24 hours per day. The capacity of 
the reservoir in front of the shore plant is such that the dredge can shut dow 
two or three days et a time without the plants being short of sand. A dredge is 
necessarily irregular and intermittent in its operation, even when working wis 
the best of conditions, and under the verying conditions met in this operation | 
there is no possibility of supplying sand in either uniform quantity or dilution. 
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Tae general method of operating the deoosit and the eneanaueat and 
cont-ol of the work “re carefully studied from day tomy. Fortunately the. 


United States Government had made accurate soundings in Torch Lake tefore the 
mills were operating for any length of timc, so that the oxtent of thé deposit 
both latcrally and in depth is accuratcly known. A scctional model has been 
madc, consisting of vortical wooden pegs fastened into a horizontal board 
representing a base line. Theso pogs indicate conditions for cach 50-foot 
stationand by means of different colors show lako bottom, laxo levcl, and 
recoverable send. Frequent soundings kcecp this modcl up to dato, and oporators 
on the dredge know at all timos at what depth to oxpect sand and to what | 
oxtent. Ranges along the shore and floating buoys assure accurete knowledgo as 
to the position of the drodge, and a soction of the motel in the pilot house 
providescomploto information as to conditions of doposit. The original lexe 
bottom is fortunately a compact sanc that rosists Credging vith this tyve of 
machine, and much of tho area is as clear of tailings nftor dredgixg as a 


surface operetion could be. 


For 1929 the shee of dredging alone, including all replacements and 
renevals, was 5.63 cents per ton dredged. This cost compriscs 34 por cent for 
labor, 46 pr cent for powcr, 18 por cent for pipe linc and pump renewals, .° / 
gid 2 por cent for ethcr supplics. Thcso costs arc for an avoroge discharge 
line of about 2000 fect, and vary somowhat with tho sizo of sand, longth of lino, 
and other fnctors. Tho costs are shoving a dommward tendency from yorr to rmre 


SHORE PUMP PLANT AND CLASSIFYING HOUSE 


This plant is built upon a concretc dock constructed by driving 
piles through the send docmn into the original Inxe bottom and upon these piles 
pusting @ exp of concrcte 3 feet 6 inches thick. Tho shore plent contains 
a 12-inch Morris centrifugal pump for the elevation of the s.nd, st>tionary, 
screens for removing fine rubbish, drag belts for scparating the coarse sand 
that rogquires regrinding from the fine that coes* not,pumms for handling this 
fine send, and the belt conveyor for conveving the coarscr saad from this plant 
to the top of the rcgrinding vlant. Im the pond or reservoir in frédnt of the 
shore plant into which the credse sand is discharged is @ somicircular row of 
piles heaving a racius of 35 feet on wnich is constructed © track. Supvorted 
on this track and pivoted in front of the ola:t is a structural steel bridge 
vd) feet long, which carries the suction vive of the ovum in the shoro vlant. 
The suction pipe works on strivel joints, so that it can trevel through an angle 
of about 150° anc its outer suction end cante raisec or lowered vertically 2°. ° 
through an angle of 90°. The effect of this is to get a storage capacity for 
this suction pump in a V-shaped section along about one-half of the circumference 
of the 55~foot circle and to a depth of 30 feet below the water line. Tins — 
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a storaze reservoir capacit; equivelent to about 20,020 tons of sanc is 
obtained. From any >art of the reservoir the sand mony be reclaimed, devendi-s 
unon the position of the suction pipe carried on' this swinging bridge. In 
realit: it is a stetionary dredge working under uniform conditicns cs to 
length of suction line, so that uniform capacity is obtained and tae retreat- 
ment plants are kept operating under wnifoim concitions, a necessity for 
etficient metallurgical practices | 


“. “To guard against delays in the shore plant, the original desig. 
called for tvo pumos so placec that by svingiug a suction elbow throuzh 180° 
one pump could be revlaced by the other. Delays have been so infreuent, 
hovrever, that such changing of verts as is necessary cén ‘be done during the 
resular four-hour shut-down once 4 week, so that only a single pump has vee 
necessarye This pump has a 12-inch suction and dischargs, is split horizontali;, 
and is lined throughout. The impeller is 40-inches in diameter running 870 1.0.2 
direct—connected to a 200=hp. motor. The cischarge of tnis pumvd goes into a 
large receiving box fitted with an overflo~ for the excess veter, end as tais 
water carries considerable fine sand it is returnec to the storage pool. Cir- 
culation of water is very useful in winter, as the agitation caused tnereby airs 
in keeping the pool free from ice. The receiving dox is vrovided vith four 
openings, gate controlled, through which the sand and water flow to stationary 
screens with 3/8—inch openings. These screens are for the purvose of removing 
the finer particles of rubbish. The undersizo of these stationery sczcens is 
fed to two double drag-classifiors, each fittcd with 20-inch bolts, tese belts 
being providcd with 6 by 4 inch angle irons, 24 inches long, @s crags. Tho 
discharged product of these drag belts is fec by chutes to a 24-inch belt 
conveyor, and the overflow, after suitable dermtering, is oumpcidirectly to the 
same sand and slime-classifying system that takes also the tcilings of the re- 


grinding plant. 


The life of the belt conveyor is over three years, during which the 
it handles about 3,000,000 tons sande The cost of the total operation of the 
plant for the year 1929 was 2.50 cents ver ton. Of this cost 55 per cent ms for 
labor, 26 cer cent for power, and 19 per cent for supplies, chiefly ow repai? 


parts and pipe. 
REGRINDIVG PLAT 


The material treated in the regrinding nlent (fig. 3) is the coarse 
sand classified out by the dreg belts in the shore plont and fed to the top of 
the plant by means of a belt conveyor. This belt conveyor is 275 feet betreen 
centers, runs at a speed of 500 feet per minute, and has an inclination of 21/¢ 
inches to the foot. It discharges into a recciving bin, which as sufficient 
storage to suonly the allis for obout 30 ainutes. In the bottom o7 this 
receiving bin are discharge openings, fromvhich the relatively dry sand is mu 
at a uniform rete and fed by means of water jets into launders running dom eit: 
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side of the plant and discharging by means of cut-out. gates into dewatering boxes 
for feeding the conical mills. 


The building itself is 122 by 431 fect and contains 64 Hardinge mills, 
8 feet br 18 inches, driven individually by 40-hp. motors connected by means of 
flexible couvvlings tc herringbone vinions driving corresvonding herringbone gears, 
The mills revolve at 26 r.pm., are lined with eitner Belgian silex or domestic 
quartzite, end use flint »nebbles for the grinding medium: The conical mills were 
among the first built by the Hardinge Coe, which accounts for the short cylindrical 
length. These conical mills and motors are carried on a structural steel frame~ . 
work or floor about 12 feet above the Wilfley table floor. The mills are in to 
rows of 32 each and are served by @ 15-ton traveling crane which can vick up a 
full mill. All relining is done at the end of the plant, where piers are provided 
for this purpose.e By the use of tvo extra mills it is usuall- cos-ible to take 
a worn-out mill and feplace it within an hour by a nevly lined spare. 


The mills are fed b. a gate in the overhead launder handled by a lever 
from the conical-mill floor. . The material cut out in this manner is run into a 
dewatering box, from which a plug Cischarges the thickened product into the feed 
scoop of the conical mille The discharge of the 111 is run into a dis#ributing 
launder and fed dir-ctly to Wilfley tables, the product of the two mills going to 
five Wilfleys. The concentrates from the Wilflerys are reconcentreteod on other 
tables and the final concentrates are pumped into a box from which they are 
conveyed by means of a dreg belt into concentrates carse Table mid“lings are 
returned to the conical mills for finer grinding. The tailings from the Wilfler 
tables join the fine product from the crag belts in the shore plant, and this 
combined material is pumved by means of a 16—inch centrifugel >ump to a classifying 
section in the leaching lant where sand for leécning is separated out from the 
slime for flotation. The leaching plant and the flotation vlant are described in 
cetail in information circuler 6667 Milling Method and Cost at the Conglomerate 
Mill of the Calumet & Hecla Consolidated/Gopper Company. 

gos af 

The grinding “lant has a capacity of about 3,000 tons per 24 hours. 
The mills have a cylindrical length of only 18 inches anc the cavacity per mill is 
small. All grinding is in oven circuit “hich was standard practice at the time 
the building was designed and the changes necessary to go to closed circuit were 
so extensive that it has never been attempted. Comolete closed circuit is not 
practical because of the fact that the metellic particles vould remain in circuit 
and build uo to an &Sxtent that would seriously interfere with grinding efficiency. 
It would be possible, « s has becn done in otuer installations, to bleed the circuit 
either br means of a hydraulic classifier or br tabling a ceftain percentage of the 
pulp to relieve the circuit of the free metallic particles. Because of the limited 
life of the deposit for rhich this plant was designed, it has beemed better to». +’ 
endure this mechanical inefficiency rather than to expend the capital that wovld be 
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reouirec to bring this in line with mocern >rectice. 


The use of pebbles ‘instead of stecl balls has proved to be economic, 


At various times the use of ste2l has been tried, always vith 
in capacity but at a prohibitive coste 


& decided inerezse 
The hardness of the conglomerete ore is 


as great or greater than thet of steel, so that there is an excessive conswztin 


of the grinding media. 


Such tests as have been run indicate that consumpticn 


of steel valls is at least 80 per cent as gfeat as that of pebbles, compared ty 


weignt per ton of material’ ground. 


With consumvtion of stecl balls sunaing fro: 


3-1/2 to 4 pounds per ton of sand ground and with a cost of 3-1/2 cents ver 
pound of ball, we-have a total cost of from 12 to 14 cents with the use of balls 


for a - grinding medium ag against.4 cents with the use of pebbles. 


The tonnege. tr eated. in the rear 1929 was 979,555 tonse 


The cost 


of operation in cents Jer ton for the corresponding vear was as follors: 


Generel See Saas 1.98 
Send conveying . and. distribution------ 1.73 
Grinding: 20.29 
Attendance---------- 1235 
Power~-------------- 10290 
Pebbles-- ~--=~---- -- 13533. 
. Lining-------------- 3093 
Other suppliesw-----_ .78_ 278 


Table freatment--- 


NR LLNS RT 3.11 
27.11 


> a GS ane 2 OD 8 > aw OD OD oP 6 OF OD 8 8 = eo eee 


SUMMARY OF RESULTS 


All material treated passes through the dredze and shore plant, tut 
inthe shore plant there is a separation of reground sand from thet “hich does 


not require finer grinding. 


approximately 66-2/3 per cen§ goes through the rezrinding plant. 


The result is thet of the total tonnage dreczed, 
ter regrindi; 


the fine material is separated into leaching and flotation feed in ae retio of 
80 per. cent leaching to 20 ver cent flotation. 


Tue total cost per ton based on tonnage dredged, for the reclensticr 


plant in 1929 is as follors: 


Cost, cents 


General administration, mine ond mill------- 3.8 
Dredge. & PONtOOneessuteseeselea tue ee Oe 6 
Shore plant and belt converor------------- S. OS5 

ms , Regrinding oe eee nn an pm, | Pe 
Leaching---~------------------------------..- 17.8 
Flotation----------------~----~--.-~-----... 1.8 
Miscelleneous——~--~-~.-~-.~~-.-...-~-.- 8 
Total--—---~----~--~-~----~----..-..--~- 49.5 


8177 


I. C. 6357 


Tonnage treated~-------------------- 1,546,000 <& 
Assay heading, -------- ver cent ---- 0973 
Assay tailings,------- per cent ---- 2120 
Pounds copver produced-------------- 25,991,000 
Pounds of copper per ton treated--~—- 16.81 
Cost per ton treated-- cents ~------ 49.5 
Cost per pound copper-— cents ~----~- 2094 


As the deposition of these mill tailings in the lake dates back to 
the beginning of milling operction it wes estimated that some 34,500,000 tons 
would be available for treatment. The total tonnage reclaimed up to January 
1, 1930, was 18,973,000 tons, from which there was produced 212,598,000 pounds 
of copper, being 11.21 pounds of cooper per ton of sende This was at a cost 
per ton treated of 54.8 cents and at a cost per vound of copper produced of 
4.89 cents, exclusive of smelting and selling. 


This plant is one of the few, and certainly the most extensive, 
devoted to the reclaiming of concentrator wastes. The returning of the waste 
sands from the lake into the treatment plants is unique not only in method 
but in magnitude, and as a purely dredging proposition is probably the deepest 
practiced anywhere in the world. With fine grinding,table treatment, leaching, 
and flotation all necessary to efficient recovery, it exemplifies in its 
treatment most aodern methods of extraction, and the restlting copper is obtained 
at a cost over pound compareble to that of the lowest primary vroducerse 


a bs ee 
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